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Data for Back Bay (1986-1989) 
Mitchell D. Norman 
and 
Ronald Southwick 
Virginia Department of Game and Inland Fisheries 
4010 West Broad Street, Richmond, Virginia 23230-1104 
Abstract: Surface water samples from Back Bay, Virginia were analyzed for nutrient and total suspended 
solids on a monthly basis from April, 1986 through December, 1989. The concentrations of total phosphorus, 
erthophosphate, nitrite and nitrate nitrogen, and total ammonia generally fell within the "normal" range and 
tlid not indicate high nutrient loading. However, the concentrations of total suspended solids and total 
Kjeldahl nitrogen were high, exceeding EPA reference levels. Soil particles kept in suspension by wind driven 
wave action was the primary factor for the high concentration of total suspended solids. The high 
concentration of total Kjeldahl nitrogen was due to an abundance of organic matter, primarily plant detritus 
and plankton. Seasonal patterns were noted for nitrite and nitrate nitrogen, total ammonia, total suspended 
10lids and total Kjeldahl nitrogen. 
Introduction 
Water quality has been perceived to be poor in 
Back Bay for several years. However, there has 
not been a comprehensive study of water quality 
in Back Bay since the period 1959-1963 (Sincock, 
1966). The Virginia Water Control Board 
(VWCB) has monitored selected water quality 
parameters on some of the bay's tributaries on an 
irregular basis; but no sampling in the open bay 
was conducted. Mann (1984) reported the results 
of water quality monitoring at 20 stations (8 in 
open bay and 12 in tributaries) in 1983. However, 
this sampling effort was limited to two dates 
Wowing a 0.73 inch rainstorm. Results of this 
hrvey showed high concentrations of phospho-
rus, nitrate nitrogen, and suspended solids. 
However, the limited amount of sampling and its 
occurrence shortly after a rainstorm invalidates 
Mann's data as representative of the bay's water 
quality over an extended period. Our study was 
initiated in 1986 to ascertain nutrient levels in 
Back Bay and establish a comprehensive long 
term data base for future reference. Results of 
the first year's nutrient analyses were reported 
by Southwick and Norman (1987). 
Methods 
Surface water samples were collected at six 
stations on Back Bay (Figure 1) on a monthly basis 
from April, 1986 through December, 1989. 
Samples were sent to the Virginia Consolidated 
Laboratory in Richmond for analyses. Water 
quality parameters analyzed by the lab were 
suspended solids, ammonia, nitrite, nitrate, total 
Kjeldalh nitrogen, total phosphorus, and ortho-
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phosphate. For this manuscript, the data were 
averaged to provide monthly and annual means. 
These were compared with the literature, partic-
ularly with EPA reference levels (VWCB, 1976) 
Results and Discussion 
Total Suspended Solids - Total suspended solids (TSS) 
include: 1) "fixed" matter which is inorganic 
colloidal clay and course suspensions of soil 
particles, and 2) "volatile" matter which is 
organic. The concentration of suspended solids 
varies greatly between waters, depending on 
numerous factors including geomorphology of 
the watershed, atmospheric sources, 
equilibrium-exchange with sediments within the 
water body, evapotranspiration,and human 
activity within the watershed. Evaporation from 
waters in closed basins raises the concentration 
of dissolved solids as does saltwater infusion. Due 
to the host and complexity of factors influencing 
TSS, a meaningful comparison for this water 
quality parameter cannot be made between Back 
Bay and other waters. Therefore, we compared 
the concentration of TSS in Back Bay only with 
the EPA reference level (80 mg/1). 
Annual means for TSS were: 50 mg/1, 1986; 69 
mg/1, 1987; and 84 mg/1, 1988 and 1989 (Figure 
2) . These values exceed the EPA reference level 
for two of the four study years. On an individual 
station basis, TSS exceeded the EPA reference 
level in 33.3% of the samples. The primary 
sources for this high level of TSS were: 1) an 
abundance of inorganic material in suspension, 
(Southwick and Norman, 1987) and 2) an abund-
ant plankton population (Marshall, 1988 and 
Marshall, et al., 1988). The monthly levels 
followed a distinct seasonal trend (Figure 3) with 
a peak in late winter-early spring and a low in 
summer. Total suspended solids was generally 
highest from January through March when the 
level routinely exceeded 75 mg/1 and reached as 
high as 216 mg/1 (March, 1987). The more 
intense winds at Back Bay during the winter and 
spring (Mann, 1984) increased the wave action 
which increased the amount of sediment in 
suspension. As the winds subsided during the 
summer, TSS declined to levels generally ranging 
from 40 to 50 mg/1. With increased wind velocity 
in the fall, the level of TSS increased to approx-
imately 50-100 mg/1. 
Total phosphorus - Phosphorus is a major cellular 
constituent and key metabolic element. It is 
essential for energy transfer within the living 
cell. Phosphorus is usually considered to be the 
element which most frequently limits aquatic 
production. 
The total phosphorus concentration in natural, 
unpolluted waters ranges widely from 0.01 to 
more than 200 mg/1 in some closed, saline lakes 
(Wetzel, 1975). However, the concentration in 
most unpolluted, surface waters is between 0.1 
and 0.5 mg/1 with the level seldom exceeding 1.0 
mg/1 (Boyd, 1979). Even in fertilized fish ponds, 
the concentration averaged only 0.17 mg/1 (Boyd, 
1976). Rulifson (1990) stated that the concentra-
tion in the lower Roanoke River ranged from 0.14 
to 0.17 mg/1. The EPA reference level for total 
phosphorus is 0.3 mg/1. 
The concentration of total phosphorus in Back 
Bay averaged 0.1 mg/1 each year of this study 
(Figure 4). There was little spatial or temporal 
difference. The highest individual reading was 0.3 
mg/1 which occurred only twice during this 45-
month study (Stations 5 and 9; December, 1989). 
Since the annual means fell within the naccepted 
or normaln range and were less than the EPA 
reference level, it appears that Back Bay is not 
overloaded with phosphorus. However, the level 
did exceed the VWCB standard of 0.05 mg/1 for 
class II B waters. 
Total phosphorus did not show any distinct 
seasonal trend (Figure 5). It was generally highest 
for a few months in late winter-early spring. 
Explanations for this could include 1) a decrease 
in phosphorus assimilation with the waning of 
the phytoplankton population and, 2) the re-
suspension of sediment bound phosphorus by 
heavy wave action . When a phytoplankton 
population becomes senescent and declines, 
phosphorus is released from the dead cells. A 
portion of this is incorporated by other phyto-
plankton species, which become more abundant 
as others decline. But when the entire phyto-
plankton population declines, the concentration 
may increase considerably. Marshall (1988) noted 
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that the phytoplankton population in Back Bay 
declined during the winter. Phosphorus very 
readily binds to soil particles and as such may 
flocculate to the bottom where it is utilized by 
various benthic organisms but is unavailable to 
plankton within the euphotic zone. The strong 
winds during the winter-spring period would 
bring this sediment bound phosphorus back into 
suspension. A second npeak" occurred in late 
summer-early fall. Sediment bound phosphoru~ 
washed into the bay from the watershed could b4 
an explanation for this increase. In a normal year, 
the Back Bay watershed receives the greatest 
monthly rainfall in July and August (29.5 cm of 
an annual average of 113.5 cm). Most of the 
agricultural fertilizers used in the watershed are 
applied during the spring and have not been 
completely assimilated by agricultural crops by 
summer (personal communication, Louis Cul-
lipher). Therefore, the sediment bound agricul-
tural phosphorus is available for rainfall erosion 
into the bay. 
Orthophosphate - Orthophosphate is the simplest 
form of phosphorus in water and may be consi-
dered as ionization products of orthophosphori~ 
acid. Orthophosphate is essential for energ~ 
transfer and other functions within the cell. It is 
an inorganic form of phosphorus and is soluble, 
thus making it readily available for plant utiliza-
tion. As such, it is cycled very rapidly in the zones 
of utilization. 
In natural, unpolluted waters orthophosphate 
is present in very minute quantities, usually 
ranging between 0.05 and 0.2 mg/1 but seldom 
exceeding 0.1 mg/1 even in highly eutrophic: 
waters (Boyd, 1979). In fertilized fish ponds, 
orthophosphate averaged 0.2 mg/1 (Boyd, 1976). 
Rulifson (1990) _r~ported that orthophosphate 
averaged 0.05 to 0.08 mg/1 in the lower Roanoke 
River. The EPA reference level is 0.1 mg/1. 
The annual mean for orthophosphate in Back 
Bay during this study ranged from 0.04 mg/1 in 
1988 to 0.07 mg/1 in 1989 (Figure 6). This 
concentration was within expected values (Boyd, 
1979) and below the EPA reference level. There-
fore, orthophosphate level .was not excessivel)I 
high during this study period. 
There does not appear to be a distinct seasonal 
pattern in the orthophosphate concentration in 
Back Bay, except that it was generally highet 
during the latter half of each year (Figure 7). Ar 
least two factors could have contributed to the 
relatively high concentration during the summer. 
First, summer is the major period of algal growth 
in Back Bay (Marshall, 1988). Since ortho phos-
phate and organic esters constitute the majority 
of the phosphorus released into the water during 
active algal growth, one would expect the level 
of these forms of phosphorus to be higher during 
the summer. The second plausible explanation 
for the higher level in the summer is sediment 
bound ortho phosphate washed into the bay by 
rainfall. 
The relatively low level of orthophosphate 
during the late winter-early spring is puzzling. 
This ion is very readily trapped in the sediment 
of aquatic systems by flocculation with positively 
charged soil particles. It is then released back into 
the water when the sediment is brought back into 
suspension. Since the wind intensity at Back Bay 
is greatest from December through April, one 
would expect the level to be seasonally high 
during this period. However, the reverse was 
true for Back Bay. 
Orthophosphate constitutes a very small 
portion (considerably less than 5%) of the total 
phosphorus in natural waters (Wetzel, 1983). 
However, it constituted about 50% of the total 
phosphorus in Back Bay. The explanation for this 
could be a high level of non-point pollution, which 
is the primary source of orthophosphate in 
aquatic systems. 
Total Kjeldalh Nilrogen - Total Kjeldalh Nitrogen 
(TKN) includes ammonia and organic (amino 
ac' , polypeptides, urea, uric acid,etc.) nitrogen. 
td,1\~ \.() °B()'iO. (J 979\, \b.~ C.()\\.C.~\\.\n,.\\()\\. ()\. 
TKN is usually well below 1.0 mg/1 in unpolluted 
waters. Rulifson (1990) reported values ranging 
h-om 0.34 to 0.45 mg/1 in the lower Roanoke 
River. The EPA reference level for TKN is 0.9 
mg/1. 
Annual TKN means during this study were: 2.5 
mg/1, 1986; 2.2 mg/1, 1987 and 1989; and 1.8 mg/ 
1, 1988 (Figure 8). Individual station readings 
were as high as 3.8 mg/1 (Station 3; August, 
1986). These values were high relative to the 
literature cited. Since the ammonia nitrogen was 
not high in Back Bay, the explanation for the high 
TKN is the organic fraction. A lot of detritus is 
washed into Back Bay, where it sits for an 
extended period due to the slow flushing rate 
(1.51 years according to Mann, 1984). Much 
organic nitrogen is found in the sediment which 
is frequently re-suspended by wave activity. 
Generally TKN was highest during the fall and 
winter (Figure 9). The most plausible explanation 
for this is re-suspension of organic nitrogen in 
the sediment by wave action during this windy 
season. However, it is very difficult to explain 
seasonal changes in nitrogen since the propor-
tions of the various forms are likely to vary in 
association with seasonal fluctuations in the 
populations of several types of bacteria, with 
variations in oxygen content and temperature, 
and with changing populations of plants and 
animals. The nitrogen cycle is a very complex and 
inconstant one. Without a total ecological study, 
one can only speculate about the cause and effect 
ttlationships. 
Nitrate as Nitrogen - Nitrate is normally the most 
common form of inorganic nitrogen in lakes and 
streams. The concentration and rate of supply of 
nitrate is intimately connected with land use 
practices within the watershed. Nitrate ions 
move easily through soils and are rapidly lost 
from the land even in natural drainage systems. 
Concentrations of nitrate range from undetec-
table levels to nearly 10 mg/1 in unpolluted fresh 
waters, but are highly variable seasonally and 
spatially (Wetzel, 1983). Reid (1961) stated that 
the world average nitrate level was 0.3 mg/1. 
Boyd (1979) compared nitrate concentrations in 
unfertilized woodland ponds with fed catfish 
ponds; nitrate averaged 0.075 mg/1 in the former 
and 0.25 mg/1 in the latter. Rulifson (1990) 
reported that nitrate in the lower Roanoke River 
averaged 0.17 mg/1. The EPA reference level for 
nitrate is 0.9 mg/1 . 
The annual mean concentrations of nitrate 
were: 0.06 mg/11986; 0.11 mg/1, 1987; 0.05 mg/ 
1, 1988; and 0.10 mg/1, 1989 (Figure 10). These 
values indicate relatively unpolluted water and 
fall well below the EPA reference level. 
The mean nitrate level for most months of this 
45-month study was 0.05 mg/1 (Figure 11). There 
were district peaks in late winter-early spring of 
1987 and 1989 and again in December, 1989. 
1'b.ese peaks were pro'oa'o\,1 caused 'o,1 decrease in 
primary production during periods of cold water 
temperature and high turbidity. Since nitrate is 
rapidly taken up by aquatic plants (after conver-
sion to ammonia), the increased phytoplankton 
activity during the warmer months would 
account for the lower level during these periods. 
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Nitrite as Nitrogen - Nitrite is the partially reduced 
form of nitrate. In unpolluted oxygenated waters, 
it is present in only trace amounts. Wetzel (1975) 
stated that the concentration in natural waters 
ranged from undetectable levels to 0.01 mg/1. 
The nitrite level increases in waters receiving 
contamination from organic matter. Heavily 
polluted streams can contain up to 2 mg/1 nitrite. 
Nitrite accumulates in the bottom sediments, 
especially under cold temperature and anoxic 
conditions. Levels as high as 1.0 mg/1 were found 
in the interstitial waters of deep sediments of 
Lake Mendota (Konrad, et al. 1970). Rulison 
(1990) reported that nitrite in the lower Roanoke 
River averaged 0.007 mg/1. The EPA reference 
level for nitrite is 0.9 mg/1 . 
The annual means for nitrite in Back Bay varied 
only from 0.01 to 0.02 mg/1 (Figure 12). Many 
of the individual station readings were below the 
minimum detectable level (0.01 mg/1). The 
highest reading was 0.5 mg/1, which was found 
at stations 5 and 9 in March, 1987. This relatively 
high concentration could be due to sewage 
discharge . Station 9 is in North Bay near the 
mouth of Hell Point Creek, which has received 
considerable organic pollution in the past. Station 
5 is immediately downstream of a large camp-
ground and housing development which depend 
on septic tanks for sewage disposal. Although the 
nitrite annual means are well below the EPA 
reference level, there is reason for concern since 
the individual readings routinely exceeded the 
maximum for the "normal" range. 
Nitrite levels were generally higher during the 
fall and winter (Figure 13). Explanations for this 
could be reduced phytoplankton uptake and re-
suspension of nitrite bound sediment. A third 
factor could be ground water inflow. Evapotrans-
piration in the Back Bay area is so great in the 
summer months that there is essentially no 
ground water discharge (Mann, 1984). Rather, 
ground water discharge commences in the fall as 
the temperature decreases. This dis.charge 
continues to the following summer. Nitrite is 
readily transported with ground water and 
released in lakes or streams. Therefore, one 
would expect the level to increase with ground-
water discharge. 
Total Ammonia - Ammonia is present in aquatic 
systems primarily as the dissociated ammonium 
ion. It is very rapidly taken up by phytoplankton 
and other aquatic plants and persists in small 
quantities because it is the major excretory 
product of aquatic animals. 
The concentration of ammonia in unpolluted, 
surface waters is usually less than 1.0 mg/1 . With 
reduced oxygen due to organic pollution, the level 
of ammonia will increase. In extreme cases the 
concentration can increase to 12 mg/1. Boyd 
(1979) found ammonia levels of 0.052 mg/1 in 
unfertilized woodland ponds and 0.5 mg/1 in fed 
catfish ponds. Ammonia in the lower Roanoke 
River averaged 0.1 mg/1 (Rulifson, 1990). The 
EPA reference level for ammonia is 0.89 mg/1 . 
The annual mean concentration of ammonia 
ranged from 0.1 to 0 .3 mg/1 (Figure 14) . 
Although these values are considerably below the 
EPA reference level and fall within the expected 
range, there is cause for concern. Stations 5 and 
9 generally had the higher ammonia levels, 
reaching 0.8 mg/1. This indicates some organic 
pollution from those watersheds, as was noted 
for nitrite. Also, the concentration for several 
months exceeded the VWCB standard (0.02 
mg/1) for Class II B waters. 
The ratio of nitrate to ammonia is also of 
concern. In unpolluted, calcareous sedimentary 
land forms, the ratio is generally 25:1 (Wetzel, 
1983). With slight to moderate sewage contam-
ination or agricultural application of nitrogen 
fertilizer influence in a water, the nitrate to 
ammonia ratio can be 1:10. The ratios for Back 
Bay from 1986-89 ranged 1:1 to 1:3. These ratios 
indicate some organic pollution in the bay. 
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Ammonia was highest each year during the 
winter and generally the lowest during the sprin11; 
and summer (Figure 15). This seasonal trend witf1 
peak levels during the cold months was unex-
pected. Normally ammonia is higher in the 
summer than in the winter. Since ammonia is an 
end product of the bacterial decomposition of 
organic matter and an excretory product of 
aquatic animals, the concentration is general11 
higher during the warmer months as these 
activities are going on at an accelerated pace. 
However, the reverse was observed during this 
study period. A plausible explanation for the 
considerably higher ammonia concentration 
during the winter could be declined phytoplanlt 
ton abundance, which allowed the ammonia to 
increase both through bacterial decomposition of 
the algal cells and reduced plankton assimilation. 
Acknowledgments 
We sincerely thank Richard Eades for his 
constructive editorial comments and assistance in 
computer graphics. 
Literature Cited 
Boyd, C. E. 1974. Water Quality in Catfish Ponds, 
J. Mar. Sci. Ala. 2: 19-30. 
----. 1976. Water Chemistry and Plankton in 
Unfertilized Ponds in Pastures and in Woods, 
Trans. Amer. Fish. Soc. 105: 634-636. 
----. 1979. Water Quality in warmwater fish 
ponds. Agri. Exp. Sta., Auburn Universit)1, 
Auburn, AL. 359 pp. 
Konrad, J. G., D . R. Keeney, G. Chesters, and K. 
L. _ Chen. 1970. Nitrogen and carbon distribu, 
tion in sediment cores of selected Wiscons~ 
lakes. J. Water Poll. Control Fed. 2094-2101. 
Mann, Roy Assoc., Inc. 1984. A Management plan 
for the Back Bay Watershed. Prepared for the 
City of Virginia Beach, VA by Roy Mann and 
Assoc., Inc., Boston, MA. 132 pp. 
Marshall, H. G . 1988. Seasonal Phytoplanktot 
Composition and Abundance Patterns in Back 
Bay, Virginia. Final Report for Virginia Com-, 
mission of Game and Inland Fisheries. Old 
Dominion Research Foundation, Norfolk. 
Virginia. 40 pp. 
----. R. Southwick, and B. Wagoner. 1988. 
Seasonal Zooplankton Composition and Abun• 
dance Patterns in Back Bay, Virginia. Final 
Report for Virginia Department of Game and 
Inland Fisheries. Old Dominion Research 
Foundation, Norfolk, VA. 37 pp. 
Reid, G . K. 1961. Ecology of Inland Waters and 
Estuaries. Van Nostrand Reinhold Co., NY. 375 
pp. 
Rulifson, R. A., W. M. White, J. T. Bray, and R. 
B. Herman. 1990. Water Quality as a Function 
Discharge from the Roanoke Rapids Reservoir 
during Hydropower Generation. Report to 
Albemarle-Pamlico Estuarine Study, Raleigh, 
NC, Project No. APES 88-278. 71 pp. 
Sincock, J. L. ed. 1966. Back Bay - Currituck 
Sound Data Report, Environmental Factors, 
Vol. 3. U.S. Bureau of Sport Fisheries and 
Wildlife, NC Wildlife Resources Commission, 
and Virginia Commission of Game and Inland 
Fisheries. 151 pp. 
Southwick, R. and M. D. Norman. 1987. Results 
of Back Bay Nutrient Sampling, April 1986 -
March 1987. Virginia Department of Game and 
Inland Fisheries Report. 81 pp. 
Virginia Water Control Board. 1976. Water 
Quality Inventory (305 (b) Report). VWCB 
Info. Bull. 526. 361 pp. 
Wetzel, R. G. 1983. Limnology. CBS College 











Figure I. Map of Back Bay showing the location of nutrient sampling stations, April, 1986 - December, 
1989. 
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Figure 2. Annual mean concentration (mg/1) of total suspended solids in Back Bay, 1986-1989. 
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Figure 3 . Monthly mean concentration (mg/1) of total suspended solids in Back Bay, 1986-1989. 
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Figure 4. Annual mean concentration (mg/1) of total phosphorus in Back Bay, 1986-1989. 
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Figure 5. Monthly mean concentration (mg/1) of total phosphorus in Back Bay, 1986-1989. 
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figure 6 . Annual mean concentration (mg/1) of total ortho phosphorus in Back Bay, 1986-1989. 
Mean ortho phosphate concentration 






















I ' I 
.. 
. .. .. · - - . 
I I I 









figure 7. Monthly mean concentration (mg/1) of total ortho phosphorus in Back Bay, 1986-1989. 
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Figure 8. Annual mean concentration (mg/1) of total Kjeldalh nitrogen in Back Bay, 1986-1989. 
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Figure 9. Monthly mean concentration (mg/1) of total Kjeldalh nitrogen in Back Bay, 1986-1989. 
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figure 10. Annual mean concentration (mg/1) of total nitrate nitrogen in Back Bay, 1986-1989 . 
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Figure 11. Monthly mean concentration (mg/1) of total nitrate nitrogen in Back Bay, 1986-1989. 
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Figure 12. Annual mean concentration (mg/I) of total nitrite nitrogen in Back Bay, 1986-1989. 
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Figure 13. Monthly mean concentration (mg/1) of total nitrite nitrogen in Back Bay, 1986-1989. 
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Figure 14. Annual mean concentration (mg/1) of total amonia nitrogen in Back Bay, 1986-1989. 
Mean ammonia concentration ( mg/I) 
in Back Bay, VA 
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Figure 15. Monthly mean concentration (mg/I) of total amonia nitrogen in Back Bay, 1986-1989. 
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